The antifungal activity of a lyophilized powder containing aloe leaf homogenate (whole-leaf powder) against Trichophyton mentagrophytes was investigated. The minimal inhibitory concentration was 25 mg/ml by the agar dilution method, using Sabouraud glucose agar medium. At subinhibitory concentrations, the powder exerted its main effect on colony growth by prolongation of the lag phase and inhibition of growth rate. Homogenates of fresh whole leaf were filtered through Whatman GF/A paper, and the filtrate was dialyzed and concentrated by molecular filtration using an Amicon hollow-fiber dialyzer concentrator DC-2, and a powder containing components with molecular weights higher than 10,000 (high-molecular-weight component powder) was prepared by lyophilization. The minimal inhibitory concentrations against three strains of T. mentagrophytes were all 10 mg/ml. The inhibitory activity was fungicidal and was lost by heating at 100°C for 30 min. Both the whole-leaf powder and the high-molecular-weight component powder induced various morphological abnormalities in spores and hyphae by the inhibition of spore germination and development of hyphae.
Powdered Cape aloe has been used as a peptic and a laxative in folk medicine. Soeda et al. reported that Cape aloe juice possesses bactericidal activity but not as marked antifungal activity (3) . Aloe is a member of the family Liliaceae, the genus of Aloe, with about 170 kinds of representatives, and Aloe arborescens Mill subsp. natalensis Berger (aloe) rather than Cape aloe is now being used widely for cultivation and clinical application of the aloe vera leaf, especially for the cure of intestinal disturbances, burns, or frostbites. In a previous report (5), we showed that allicin extracted from the crushed cloves of Allium sativum, a member of the same family, has potent antifungal activity.
In this paper, we report the inhibitory effect of a powder containing whole leaf and highmolecular-weight component of aloe on the growth and morphology of Trichophyton mentagrophytes in vitro.
MATERIALS AND METHODS Organisms. T. mentagrophytes Morita T-N-2 and T-N-4 strains were used. Stock cultures were grown at 25°C for 15 days on Sabouraud glucose (SG) agar medium. They were maintained at room temperature. A spore suspension of 107 microconidia per ml in 0.5% carboxymethyl-cellulose saline was prepared from 15-day-old SG agar slants, according to the procedure described in a previous report (5) , and was used as a standard suspension in all experiments. The incubation temperature was 250C.
Aloe powder and aloe extracts. Two kilograms of fresh leaves of aloe was homogenized by Polytron and lyophilized (whole-leaf powder; average yield, 89.54 g). The homogenates were filtered through Whatman GF/A paper. Then the filtrate was dialyzed and concentrated by the Amicon hollow-fiber dialyzer concentrator DC-2 until the fluorescence (excitation wavelength, 365 nm) disappeared from the inner solution of the dialysate. The concentrate containing components with molecular weights higher than 10,000 were then lyophilized (high-molecular-weight component powder; average yield, 1.870 g).
Medium. SG agar and broth medium (pH 5.6) were used. To prepare SG agar medium containing wholeleaf powder, or high-molecular-weight component powder, known weights of the leaf or components were sterilized by ethylene-oxide gas in petri dishes, incorporated into 20 ml of molten SG agar medium cooled to 45°C, mixed well, and allowed to solidify. Each series consisted of a medium without the agent and media containing different concentrations of wholeleaf powder or high-molecular-weight component powder. Unless otherwise stated, the following concentrations were used in all series: 0, 6.25, 12.5, 25.0, and 50.0 mg of whole-leaf powder per ml, or 0, 2.5, 5.0, 7.5, 10.0, and 12.5 mg of high-molecular-weight component powder per ml.
Morphological observations. Glass microscope slides were placed in petri dishes and sterilized at 132 180°C for 20 min. Two series of slides were then covered with a thin layer of SG agar medium containing concentrations of 0 to 25 mg of whole-leaf powder per ml or 0 to 10 mg of high-molecular-weight component powder per ml, together with 104 spores per ml, and incubated at 25°C for 15 days. Morphological changes were observed microscopically at various time intervals.
Effect of heating on activity. A 0.002-ml amount of a standard spore suspension of the Morita strain was inoculated, by stabbing with a wire needle, into the center of each of two series of SG agar plates containing concentrations of 0, 10, 20, and 30 mg of high-molecular-weight component powder or heated (100°C, 30 min) high-molecular-weight component powder per ml, and the resultant colonies were measured along two diameters crossing at right angles, marked on the back of plates, and the average diameter of the colonies was calculated at 15 days of incubation.
Fungicidal activity test. One milliliter of a standard spore suspension of the Morita strain was inoculated into each of a series of test tubes which contained 9 ml of SG broth medium containing concentrations of high-molecular-weight component powder equivalent to 0 to 10 mg per ml. After exposure for 7 days at 25°C, 1 ml of the sample was taken from each of the test tubes, washed three times with sterile saline to remove unabsorbed high-molecular-weight component powder, and resuspended in 1 ml of sterile saline. The total viable spores in these suspensions were counted by the indirect method.
Viable spore counts (indirect method). Sterile saline in 9-ml amounts was dispensed into sterile, cotton-plugged test tubes. One-milliliter samples of spore suspensions were serially diluted in 9 ml of saline to give 1:10, 1:100, 1:1,000, etc., dilutions of the spore suspension, respectively, and 1 ml of a suitable dilution of the samples was added to 15 ml of molten SG agar medium in sterile, plugged test tubes at 45°C, mixed well, poured into sterile petri dishes, allowed to harden, and incubated. After the number of colonies developing within 15 days had been counted, the number of viable spores in the original sample was calculated.
Recording of radial growth of colonies, results of the germination test, and measurement of the minimal inhibitory concentration (MIC) were carried out by procedures described in our previous report (5) .
RESULTS
Effect of whole-leaf powder on radial growth of colonies. A 0.002-ml amount of a standard spore suspension of the Morita strain was inoculated, by stabbing with a wire needle, into the center of SG agar plates containing from 0 to 25 mg of whole-leaf powder per ml, and the resultant colonies were measured. The results are shown in Fig. 1 . From the growth curve drawn for each concentration of powder, the length of the lag phase was determined: at concentrations of 6.25 and 12.5 mg/ml, the lag phase increased by 1 and 8 days, respectively, over that of the controls, and the radial growth of colonies at these subinhibitory concentrations was considerably restricted in comparison with the controls. At concentrations greater than 25 mg/ml, growth was completely inhibited. Thus, the MIC was determined to be 25 mg/ml. The surfaces of the colonies in subinhibitory concentrations were granular to powdery, irregular in outline, and wrinkled.
Effect of whole-leaf powder on spores and hyphae. Depending on the concentration of powder, the following morphological changes in germination of microconidia and hyphae of the Morita strain were observed: (i) without the powder, i.e., in pure SG agar medium, the germ tubes grew rapidly, were longer and regularly branched, and their tips were normal; (ii) with the powder at 3.13 mg/ml, there was no effect; (iii) with the powder at 6.25 mg/ml, abnormal swelling of microconidia occurred; (iv) with the powder at 12.5 mg/ml, abnormal swelling of microconidia occurred, and the germ tubes were severely stunted, gnarled, and extremely distorted. Hyphae developing from the abnormally swollen microconidia were spherical or ellipsoid and shorter and thicker than those developing from normal microconidia. Some representative photographs are shown in Fig. 2A and B .
Effect of high-molecular-weight components on radial growth of colonies. Using the same procedure as that used with whole-leaf powder, the effect of various concentrations of high-molecular weight components on radial expansion of colonies of the Morita strain was examined and is plotted in Fig. 3 . Increased inhibition of growth occurred at concentrations Effect of high-molecular-weight component on spores and hyphae. Depending on the concentration of the component powder, various morphological effects on spores and hyphae were observed: (i) with no component powder, i.e., SG agar medium, spores swelled nor- . '3 4 mally, as described above; (ii) with component powder at 2.5 mg/ml, hyphae contained numerous refractile balls or high-density granules, beads of a rosary-like hypha were observed, and the protoplasm was extruded from the hyphal wall ( Fig. 2C and D) ; (iii) with component powder at 5 mg/ml, nongerminating and abnormally swollen microconidia were observed, hyphae contained numerous refractile balls, and their cell walls were thick, vacuolated highly, cytolyzed, or like macroconidia (Fig. 2E and F) ; (iv) with component powder at 10 mg/ml, abnormally swollen microconidia were seen. A small number of spores germinated, but the germ tubes were shorter and thicker than those in the controls, severely stunted, and extremely distorted and died without further development.
Fungicidal activity of the high-molecular-weight component. Experiments were carried out to determine whether the inhibitory action is fungicidal or fungistatic. The results are given in Fig. 5 . After 7 days of exposure to the component, the survival of spores was 90% at 0 mg/ml, 0.05% at 5 mg/ml, and 0% at 10 mg/ml. This marked decrease in the percent survival of spores indicates that the inhibitory action of the high-molecular-weight component is fungicidal. Effect of heating on activity. The effect of heating on the antifungal activity of high-molecular-weight component powder was investigated. The results are shown in Table 1 Both affected germination of spores and the morphology of the Morita strain. The lengthening in the lag phase at subinhibitory concentrations resulted from the delay in swelling and germination of spores, and the restriction of the radial growth of the colonies resulted from a noticeable inhibition of the longitudinal extension of hyphae. The amount of component powder necessary to inhibit spore germination was slightly higher than that needed to inhibit hyphal growth; i.e., the MIC, which was judged by the naked eye from the inhibition of radial growth, was lower than the concentration necessary to inhibit germination of spores completely. This is similar to the findings on susceptibility ofAspergillus species (4). At low concentrations allicin is fungistatic, but at higher concentrations it becomes fungicidal (5) . In this experiment, we supposed that the high-molecular-weight component of aloe was fungicidal at all concentrations, based on a marked decrease in numbers of spores surviving after exposure for 7 days at all concentrations of the component.
Recently, we reported that the component of aloe with molecular weights higher than 10,000 contain enzymes hydrolyzing bradykinin, which produces inflammatory phenomena and is formed in inflammation, bradykininase (2) , and/or exopeptidase, and also the lectin-like protein reacting with a2-macroglobulin and alantitrypsin, which is known to be a representative protease inhibitor (1) .
